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@ Mixing and dispersing device fn a fiuldlzed-bed reactor. 

(g) The Invention proposes a mixing and dispersing device (1) 
for introducing feed gases mounted on a base plate (4) of a 
fluidized-bed chemicaJ reactor. The device is made of a higlity 
heat- and abrasion-resistant ceramic material such as silicon 
carbide, a composite of silicon carbide and silicon and silicon 
nitride so that the reactor can be operated continuously over a 
long period o1 time without the problem of abrasion requiring 
replacement of the base piate to greatly improve tlie productiv- 
ity and production costs. 
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Description 

MIXING AND DISPERSING DEVICE IN A FLUIDIZED-BED REACTOR 



BACKGROUND OF THE INVENTION 5 

The present invention relates to a device for 
mixing and dispersing gases in a fluidlzed-bed 
reactor. More particularly, the invention relates to a 
device tor mixing and dispersing gaseous feeds and 10 
a solid material, e.g., solid catalyst, under fluidization 
in a fiuidized-bed reactor, which has greatly Im- 
proved heat resistance, abrasion resistance and 
corrosion resistance and is durable in a continuous 
running of the reactor over a long period of time. 75 

As is known, a fluidized-bed reactor used in 
chemical plants has a base plate which is a piate of a 
porous material or a perforated plate through which 
the feed gas is passed upwardiy and blown into the 
reactor so as to ensure unitorm fluidizatlon of the 20 
powdery or particulate solid such as a catalyst and 
the tike as weil as mixing of gaseous fe^ds and 
contacting of the gas with the solid catalyst. 

A problem in a fluidlzed-bed reactor having such a 
porous or perforated base plate is that the base 2S 
piate is under a heavy abrasive action to be rapidly 
worn out because the gaseous feed passes through 
the pores or perforations at a very high velocity and 
the solid particles under fluidization constantly 
impinge on the upper surface of the base plate* It is SO 
not rare that, when the structwe of the porous or 
perforated base piate or accessory parts therea- 
round is modified to facilitate mixing of gases, for 
exampie, by providing gas feed nozzles, the problem 
of abrasion and corrosion in these accessory parts 35 
is similar to or rather more serious than that in the 
base piate per se. The subject matter of the present 
Invention is to provide a base plate and a means of 
introduction of gaseous feed or feeds, which are 
generally referred to as a mixing and dispersing 40 
device hereinbelow, having greatly improved du- 
rability. 

Many of the chemical reactions performed in 
fluidized'bed reactors proceed exotlnermically so 
that abrasion of the mixing and dispersing device is 45 
sometimes accompanied by high-temperature cor- 
rosion. This situation requires use of an expensive 
refractory and anti-corrosive alloy as a material of 
the mixing and dispersing device although no 
complete solution has yet been obtained even by 50 
using a most expensive metallic material or alloy 
such as IncoUoy so that it is eagerly desired to 
develop a mixing and dispersing device having high 
resistance against abrasion and corrosion and 
havcing high durability. 55 

When the base plate has been seriously worn out 
by abrasion, the reactor csn be operated no longer 
with stability leading, in some cases, to a danger of 
explosive destruction of the reactor. Accordingly, it 
is a usual practice in chemical plants that reactors or 60 
parts therein subject to the problem of heavy 
abrasion are replaced with new ones periodically 
after a relatively short period of running. Namely, 



stable running of such a reactor can be ensured only 
by a very careful periodical inspection and eariy 
refreshment even when the reactors or parts are 
constructed using a very expensive abrasion- and 
corrosion-resistant alloy. Such a means is of course 
undesirable in respect of the productivity of the plant 
even by setting aside the direct costs for inspection 
and refreshment. Taldng the so-caded oxychlorina- 
tion reaction of a hydrocarbon compound with a 
gaseous chlorine source and air or oxygen by 
contacting with a soiid catalyst such as copper 
chloride in a fluidtzed-bed reactor as an example, 
long-term continuous running of the reactor has not 
yet been achieved due to the problem m the 
durability of the mixing and dispersing devi<?e even 
by using a high-class material. 

Thus, it is an important technological problem In 
chemical engineering to develop a highly durable 
mixing and dispersing device for feed gases In a 
fluidized-bed reactor by using a relatively inexpens- 
ive material. 



SUMMARY OF THE INVENTION 

The present invention accordingly has an object to 
develop a mixing and dispersing device for feed 
gases in a fluldized-bed reactor without the above 
described problems and disadvantages In the prior 
art devices in respect of the resistance against heat» 
abrasion arKi corrosion so as to enable continuous 
long-term running of the reactor. 

Thus, the mixing and dispersing device of the 
present Invention is a dex^ce partly or wholly made of 
a ceramic material which is preferably silicon 
carbide, composite of silicon carbide and silicon or 
silicon nitride. 



BRIEF DESCRIPTION OF THE DRAWING 

The figures each illustrate a partial cross sectional 
view of a mixing and dispersing device according to 
the Invention. 



DETAIl-ED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As is described above, the most characteristic 
feature of the Inventive mixing and dispersing device 
is that the device is partly or wholly built of a ceramic 
material. Although the ceramic material used in the 
inventive mixing and dispersing device is not 
particularly limitative provided that the material is 
highly resistant against heat, abrasion and corro- 
sion, it is preferably selected from the group 
consisting of silicon carbide, composite of silicon 
carbide and silicon and silicon nitride, of which a 
composite of silicon carbide and silicon is particu- 
larly preferred in respect of the higher abrasion 
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resistance as well as less difficulty in fabrication of a 
part having a relatively complicated configuration 
than the other mate-rials. 

To give an explanation taking a composite of 
siiiccMi carbide and silicon as an example of the 
ceramic materials » it is l<nown that this material is 
subject to corrosion in an atmosphere contain ing 
chlorine gas as Is encountered in the chlorlnation of 
a hydrocarbon compound at a high temperature or 
when it is contacted with tar pHtch at a high 
temperature even in the absence of chlorine in the 
atmosphere. Therefore, it has been a generally 
accepted understanding that this material Is quite 
unsuitable as a material of parts in a chemicaf 
reactor running at a high temperature. It is a quite 
unexpected discovery made by the inventors that a 
composite of silicon carbide and silicon as a class of 
ceramic materials is highly resistant against abrasion 
and the rate of corrosion is greatly decreased when 
a part made of such a composite materiai Is used in a 
reactor in which feeds of a gaseous chlorine source 
and air are contacted with a powdery solid catalyst 
such as copper chJoride in a fluidized condition so 
that the durability of the device can be greatly 
extended as compared with a device made of a 
conventional heat-resistant alloy. 

Needless to say, ceramic materials are inherently 
highly resistant against heat and abrasion but 
generally have defects that an article made of a 
ceramic material has a poor impact strength and that 
articles having a complicated form or configuration 
can be fabricated from a ceramic material only with 
great dffflcuitjes. In a fluidized-bed reactor, the base 
plate of the fluidized bed must withstand the heavy 
load of the solid catalyst suddenly deposited thereon 
when running of fluidizatlon is Interrupted or also 
must withstand the Impacting stress caused by the 
impingement of an intermbced foreign matter or by 
the vibration of the feed nozzles, 

in order to avoid breaking of ceramic-made parts 
by impact leading to catastrophic destruction of the 
device as a whole, It Is proposed that the main 
structure of the device is formed of a metallic 
material and a ceramic-made body Is bonded 
thereto. The metai^made part and the ceramic-made 
part are bonded together conveniently by using an 
adhesive in order to be able to use a ceramic-made 
body having a configuration as slmpie as possible. 
The adhesive used here should be inert against the 
environment in which the device Is installed. In the 
oxychlorinatlon reaction, for example, the adhesive 
must be inert against hydrogen chloride, ethylene, 
air or oxygen, 1 ,2-dichloroethane, water vapor and 
copper chloride catalyst at the reaction temperature 
so that the adhesive is limited to inorganic ones such 
as silica-alumina based adhesives containing sub- 
stantially no organic matter. 

Adhesive bonding of a ceramic-made part and a 
metal-made part requires some consideration on the 
difference between the thermal expansion coeffi- 
cients of the respective materials. For example, 
silicon carbide and a carbon steel have a relative 
thermal expansion coefficients of abolut 4 to 11. 
Therefore, a structural body fabricated by adhesively 
bonding a ceramio-made part and a metal-made part 



over a large area of adhesion Is possibly subject to a 
danger of exfoliation by a change in temperature. It 
wouid be rather a better design that the ceramic- 
made part and the metaf-made part are adhesively 

5 bonded over a limited area alone and other areas are 
left free without adhesive bonding so as not to re 
ceive the stress by thermal expansion. This design, 
however, cannot be free from another problem that 
an interstitial space is formed between the parts 

10 over the unbonded areas. 

It shoud be taken into account that a mixing and 
dispersing device frequently receives vibrations 
because the device is to serve as a passage way of a 
gaseous feed or a powdery feed flowing at a high 

75 velocity. When a ceramic-made part has a free end 
not adhesively bonded to the metal-made part, it 
may take place that the parts come apart from each 
other under vibration which destroys the adhesive 
layer. This problem can be solved usually by 

SO interposing a damping material between the ce- 
ramic-made part and the metal-made part. The 
requirements for the damping material are similar to 
those for the adhesive. For example, usable damp- 
ing materials in an oxychlorination reaction of 

25 ethylene include fibrous, powdery or mat-like silica- 
alumina materials and elaslomeric fluorocarbon 
resins. 

In the following* the mixing and dispersing device 
of the Invention is described in more detail by way of 
50 actual examples making reference to ttie accompa- 
nying drawing. 

Example 1, 

Figure 1 of the accompanying drawing illustrates 

35 an embodiment of the mixing and dispersing device 
of the invention mounted on the base plate o1 a 
fluidized-bed reactor by a partial cross sectional 
view. The metal-made base plate 4 supported by the 
wall 6 of the reactor, In which a powdery material 7 is 

40 under fluidlzation, has a plurality of perforations, into 
each of which a flanged bushing 3 mad© of a sintered 
ceramic material having an outer diameter of 70 mm 
and a height of 40 mm is put and adhesively bonded 
with an Interposed inorganic adhesive layer 5, The 

46 bore of the bushing 3 is coaxially penetrated by a 
ceramkMTiade tubular body 1 having an outer 
diameter substantially smaller than the inner 
diameter of the bushing 3. The ceramic-made 
tubular body 1 is reinforced with a metai-made lining 

so tube 2 and has a closed upper end. The perfor- 
ations 8 laterally opening in the wall of the tiibuiar 
body 1 serve as the passage way of one of the 
gaseous feeds. The concentricity of the bushing 3 
and the tubular body 1, which together form the 

$5 mixing and dispersing device of the invention, is 
ensured by a suits±)le means not shown in the figure. 
The gap space between the bushing 3 and the 
tubular body 1 provides a passage way for the other 
gaseous feed. These gaseous feeds are introduced 

60 upwardly into the reactor through the respective 
passage ways and uniformly mixed together and 
dispersed In the space inside the reactor above the 
perforated plate 4 where they pertain to the catalytic 
reaction in contact with the particles 7 of the 

65 powdery catalyst under fluidizatlon. 
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In an example, two successive continuous running 
tests each for 8000 hours were undertaken at a 
temperature of 230 to 250 ° C for an oxychlorination 
reaction of ethylene using a copper chloride catalyst 
supported on an alumina carrier by introducing 5 
ethylene, hydrogen chloride and oxygen or air into a 
fluidized-bed reactor equipped with a base plate 
hav^ing ceramic -made mixing and dispersing devices 
as described above. The mixing and dispersing 
devices were made of silicon carbide , a composite of 10 
silicon carbide* and silicon or silicon nitride. The 
pressure inside the reactor was kept at 2.0 kg/cm^G 
and the maximum flowing velocity of the feed gases 
passing throuch the base plate 4 was 60 meters per 
second. The number of the mixing and dispersing IS 
devices installed in the base plate was 25. 

After 16,000 hours as a total of running as 
described above, the base plate 4 was demounted 
from the reactor ana the nixing and dispersing 
devices were Inspected for a change caused by sa 
abrasion or corrosion. It was found that the 
decrease In the wall thickness of the ceramic-made 
bushings was about 0 05 mm in the silicon cartslde- 
made bushings while tiie decrease was much 
smaller in the bushings made of a composite of 25 
siflcon carbide and siiicon or silicon nitride. The 
surface of the bushings was found to have a slightly 
Increased smoothness. 

For comparison, the same test running as above 
was undertaken except that the ceramic-made 30 
mixing and dispersing devioes were replaced with 
another set of mixing and dispersing devices made 
of Incolloy 800 alloy. After 16,000 hours of the test 
running, the devices were found to have a bore 
diameter expanded by 12,4^'/a on an average. 55 

Although th2 above description Is given for a 
device consist ng of a ceramic-made bushing and 
tubuiar body penetrating the bushing, the scope of 
the present invention Is not limited thereto but 
include a variety of modifications capable of mixing 40 
gaseous feeds such as a device with a nozzle having 
a constricted opening to effect mixing of gases 
ejected therethrough, a device to cause a sudden 
deflection of the hign-speed flow of a gaseous 
mixture, a device in which two gaseous feeds meet 45 
with each other counter-currently and so on pro- 
vided that the configuration of the device is not too 
complicated to allow fabrication. 

Example 2, SO 

Figure 2 of the accompanying drawing illustrates 
another embodiment of the invention by a partial 
cross section. In this embodiment, the busiiing 3 
made of a composite of silicon carbide ar?d silicon is 
not penetrated by the tubular body 1 also made of a 55 
composite of silicon carbide and silicon and rein- 
forced with a metal-made lining tube 2 but the 
tubular body 1 Is held concentrically above the 
bushing 3 In a vertical disposition opening down^ 
wardly. Each of the 25 bushings mounted on the 50 
perforated base plate 4 of the reactor had an outer 
diameter of 70 mm and a height of 40 mm. The bore 
of the bushing 3 is constricted in the lower portion 
and one of the feed gases is introduced upwardly 
through this constricted opening of the bushing 3 at 55 



an increased velocity while the other feed gas is 
blown out of the downwardly opening tubular body 1 
so as to cause rapid and complete mixing of the 
gases inside the bore of the bushing 3. 

The above described mixing and dispersing 
device was tested in a test running under the same 
conditions as in Example 1. After 8000 hours of 
continuous running of the fluidized-bed reactor, tt 
was found by inspection that the decrease in the wall 
thickness of the bushings 3 and the tubular bodies 1 
was 0.05 mm or smaller. 

For comparison, the same devices as above were 
fabricated from Incolloy 825 alloy and tested just in 
the same manner as described above. The results of 
test running were that the wall thickness of the 
bushings 3 was decreased by 2.15 mm on an 
average and the wall thickness of the tubular 
bodies 1 was decreased by 2.86 mm on an average, 

Fluidized-bed reactors equipped with a perforated 
base plate having the Inventive ceramic-made mixing 
and dispersing devices mounted thereon can be 
used in various fiuidized-bed chemical reactions 
Inoluding, besides the above described oxychlorina- 
tion reaction for the synthesis of chlorinated pro- 
ducts, synthesis of acrylonitrife by the ammoxidation 
of propylene, synthesis of phthalic anhydride from 
1,2»xylene or benzene, catalytic cracking of hydro- 
carbons and so on usually undertaken in a fiuidized- 
bed reactor. 



Claims 



1. A mixing and dispersing device for intro- 
duction of a gaseous feed in a fluldized«-bed 
reactor which is at least partly made of a 
ceramic material. 

2. The mixing and dispersing device for 
introduction of a gaseous feed in a fluidized- 
bed reactor as claimed in claim 1 wherein the 
ceramic material Is selected from the group 
consisting of silicon carbide, a composite of 
silicon carbide and silicon and silicon nitride. 

3. A fluidized-bed reactor equipped with a 
base plate having a plurality of perforations on 
each of which a mixing and dispersing device 
for introduction of a gaseous feed into the 
fluidized-bed reactor is mounted, the mixing 
and dispersing device being at least partly 
made of a ceramic material. 

4. The fluidized-bed reactor as claimed in 
claim 3 wherein the mixing and dispersing 
device is adhesively bonded to the perforation 
of the base plate through a layer of an inorganic 
adhesive. 

5. The fluidized-bed reactor as claimed In 
claim 3 wherein the mixing and dispersing 
device consists of a bushing Inserted into the 
perforation and a tubular body substantially 
concentrically penetrating the bore of the 
bushing. 

6. The fluidized-bed reactor as claimed in 
claim 3 wherein the mbcing and dispersing 
device consists of a bushing Inserted into the 
perforation and a downwardly opening tubular 
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body substantially concentrically held above the 
bore of the bushing. 

7. The flufdrzed-bed reactor as cteimed in 
claim 3 wherein the ce-amic material is selected 
from the group consisting of silicon carbide, a 5 
composite of silicon carbide and silicon and 
silicon nitride. 
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